sex (men = 1, women = 2; B = −0.900, β = −0.099), BMI (B = 0.185, β = 0.136), and pentosidine (B = 0.009, β = 0.115) were significantly correlated with the severity of LS. Serum pentosidine concentration was positively correlated with the radiographic severity of LS in this crosssectional study.
Introduction
Lumbar spondylosis is a common lumbar spine disease, which presents as degenerative changes in the lumbar spine. Several pathological findings are characteristic of lumbar spondylosis, such as the degeneration of the lumbar disc or facet joint, osteophyte formation, vertebral body sclerosis, and the hypertrophy of supporting ligaments. Lumbar spondylosis negatively affects the function of the lumbar spine and can result in the loss of spinal mobility [1] and the deformity of sagittal alignment [2, 3] . In addition, lumbar pain can occur because of lumbar disc [4] or facet joint degeneration [5] and spinal canal stenosis [6] . A large-scale cohort study in our country examining the prevalence of lumbar spondylosis suggested that this condition is present in 70.2 % of the overall population, (80.6 % in men, and 64.6 % in women) [7] . Thus, lumbar spondylosis threatens the health status of active individuals, especially in the older population.
Several factors have been identified as risk factors of lumbar spondylosis, including age and sex. These factors were shown to affect the incidence and progression of lumbar spondylosis in a recent domestic cohort study [8] . Bone metabolism is a factor that correlate with the pathological Abstract The aim of this study was to investigate the relationship between the radiographic severity of lumbar spondylosis (LS) and serum bone metabolic markers. A total of 681 individuals volunteered for this study (269 men, 412 women; age: 54.9 ± 14.3; body mass index [BMI]: 23.1 ± 3.3 kg/m 2 ). Lateral lumbar radiographs were evaluated in each intervertebral section (L1/2 to L5/ S1) using the Kellgren-Lawrence grade (KL). If at least one intervertebral section was graded as KL 2 or greater, the participants were considered to have LS. The summation of each section of intervertebral section was used as the radiographic severity value of LS. In addition, bone status was evaluated with an osteo-sono assessment index (OSI) at the calcaneus. Serum bone alkaline phosphatase (μg/mL), N-telopeptide of type I collagen (nMBCE/L), and pentosidine (pmol/mL) concentrations were examined and used as the bone metabolism index. Stepwise multiple linear regression analysis was conducted with the radiographic severity value of LS as the dependent variable and age, sex, BMI, OSI, and the value of serum bone metabolic markers as the independent variables. The total number of LS participants was 470 (69.0 %); the frequency of LS was higher in men (n = 198) than in women (n = 272; P = 0.036, χ 2 test). The mean severity value of LS was 7.1 ± 4.4, and the mean value of pentosidine was 120.7 ± 54.8 pmol/mL. On multiple regression analysis, age (B = 0.190, β = 0.611), 1 3 changes in lumbar spondylosis. A high bone mineral density (BMD) in the lumbar body and femoral neck has been shown to be correlated with osteophyte enlargement when evaluated with Nathan's classification [9] . In a more recent study, high lumbar vertebral BMD was found to be associated with lumbar disc degeneration, when assessed with magnetic resonance imaging [10] . Although the actual BMD seems to affect the pathological changes of lumbar spondylosis, little is known about how lumbar spondylosis pathologically changes in accordance with endogenous bone formation and absorption which regulate the degree of BMD, including bone fragility. Therefore, the aim of the current study was to elucidate whether serum bone formation, absorption, and bone fragility markers are associated with the radiographic severity of lumbar spondylosis in the general Japanese population. The hypothesis proposed in this study is that serum bone alkaline phosphatase (BAP: bone formation marker), N-telopeptide of type I collagen (NTX: bone absorption marker), and pentosidine (bone fragility marker [11] ) are associated with the radiographic severity of lumbar spondylosis.
Materials and methods

Outline of the Iwaki health promotion project
The Iwaki health promotion project is a health-check program designed to improve the average life span. This program was initiated in 2005, and it has been conducted over a 10-year period. Approximately 1000 adults, aged 20 years and older, living in the Iwaki area of Hirosaki city, Japan, participate every year. In addition to orthopedic specialist, physicians, general surgeons, gynecologists, urologists, psychiatrists, dermatologists, and dentists are involved in this project. As one aspect of the multiple-focused check, we collect biochemical and biomechanical data related to spine disorder [12] [13] [14] , including several parameters of bone metabolism.
Participants
A total of 1016 individuals participated in the Iwaki Health Promotion Project from 2012. All participants answered questionnaires about their medical history, family history, health-related quality of life, and occupation. Occupation was divided into blue-collar (manual, protective, and service workers) or white-collar (professionals, managers, business persons) according to the Warner index of status characteristics [15] . We excluded participants who had a history of cancer, liver or kidney disorders, rheumatoid arthritis, or any previous operations involving the lumbar spine. In addition, we also excluded those who did not answer the questionnaire entirely, and those who did not undergo radiographic or blood examination. Finally, out of 1016 participants, we included 681 participants (20-90 years; 269 men and 412 women) as the subjects in the present study. If the participants had ever been diagnosed with diabetes mellitus by a physician, they were defined as having a history of diabetes mellitus regardless of current therapy. The ethics committee of Hirosaki University, Graduate School of Medicine approved this study, and all participants provided written informed consent before participation. The current study was a cross-sectional survey.
Assessment of radiographic lumbar spondylosis and vertebral fracture
Plain radiographs of the lateral lumbar spine were taken, with the participants standing naturally, forearms crossed, and hands on chest. Two examiners (GK, 12-year career spine surgeon; DC, 7-year career orthopaedic surgeon) assessed the images based on the Kellgren-Lawrence (KL) grade [16] in each intervertebral section (L1/2, L2/3, L3/4, L4/5, L5/S1). If at least one intervertebral section was assessed as KL 2 or greater, the participants were considered to have lumbar spondylosis [7] . In addition, to determine the radiographic severity of lumbar spondylosis, the examiners summed the values of KL in each of the intervertebral sections. According to this summed value, 0 corresponded to normal lumbar spine and 20, most degenerative lumbar spine (Fig. 1) . In our preliminary data of 50 adults (average age: 50.4 ± 14.8 years old), the intra-rater reliability of this measurement was as follows: Intraclass correlation coefficient [ICC (1,1)] in GK was 0.902 (95 % CI: 0.834-0.943; P ≤ 0.001), and DC was 0.862 (95 % CI: 0.798-0.912; P ≤ 0.001). Moreover, the inter-rater reliability was as follows: ICC (2,1) in GK and DC was 0.780 (95 % CI: 0.307-0.910; P ≤ 0.001). We also determined whether or not the participants had compressive vertebral fracture (VFx) in the lateral lumbar radiographs. The presence of VFx in T12 to L5 was defined as a compressive deformity, where less than 20 % of the height was found compared to the adjacent uncompressed vertebra [17] .
Assessment of bone status and serum bone metabolic markers
We conducted quantitative ultrasound assessment of the calcaneus to calculate the osteo-sono assessment index (OSI; AOS-100NW, Hitachi Aloka Medical, Ltd., Tokyo). The OSI was calculated using the following formula: TI × SOS 2 (TI, transmission index; SOS, speed of sound). We collected blood samples early in the morning (before breakfast), and these were immediately centrifuged. Serum samples were extracted, placed in freeze packaging, and transferred to a deep freezer. The serum creatinine concentration (Cre, mg/dL, EIA; LSI Medience Corp., Tokyo, Japan) was used to assess renal function, while serum BAP (μg/mL, CLEIA; LSI Medience Corp., Tokyo, Japan) was used in the assessment of bone formation. The serum NTX concentration (nMBCE/L, EIA; LSI Medience Corp., Tokyo, Japan) was analyzed to measure the degree of bone absorption. In addition, the serum pentosidine concentration (pmol/mL, HPLC; LSI Medience Corp., Tokyo, Japan) was evaluated to determine the level of bone fragility, which was related to the formation of abnormal cross-links in collagen [11, 18] .
Statistical analysis
The data were analyzed using SPSS ver. 22.0 (SPSS Inc., Chicago, IL, USA). The mean age, body mass index (BMI), OSI, and serum bone metabolic markers between males and females were compared with the Mann-Whitney U test. In each sex, we also compared the mean age, BMI, OSI, and serum bone metabolic markers among nonlumbar spondylosis group (LS−) and lumbar spondylosis group (LS+) with the Mann-Whitney U test. Differences in lumbar spondylosis, occupation (white-or blue-collar), diabetes mellitus, oral medication for osteoporosis, and VFx were analyzed with χ 2 and Fisher's exact test. We conducted logistic regression analysis with the presence of lumbar spondylosis as the dependent variable and age, sex, BMI, occupation, history of diabetes mellitus, oral medication for osteoporosis, presence of VFx, OSI, and the serum values (Cre, BAP, NTX, and pentosidine) as the independent variables. In addition, multiple linear regression analysis was performed with the severity value of lumbar spondylosis as the dependent variable and age, sex, BMI, occupation, diabetes mellitus, and oral medication use for osteoporosis, presence of VFx, OSI, and the serum values (Cre, BAP, NTX, and pentosidine) as the independent variables. In both regression analyses, the significant independent variables were examined using the stepwise method. P values ≤ 0.05 were considered statistically significant.
Results
Comparison of demographic data, the radiographic severity value, and the prevalence of lumbar spondylosis and vertebral fracture
The mean ± SD age of the male and female participants were 53.7 ± 14.7 and 55.7 ± 14.0 years; this was not a significant difference. The mean BMI of male and female patients were 23.7 ± 3.1 and 22.6 ± 3.3 kg/m 2 , respectively (P < 0.001, Mann-Whitney U test). The total number of participants with lumbar spondylosis was 470 (69.0 %), Fig. 1 Example of radiographic image for measuring severity of lumbar spondylosis. We summed the Kellgren-Lawrence grade (KL) of each intervertebral section in L1/2 to L5/S1, and we determined this summation value as the severity value of lumbar spondylosis. a Almost normal case; its severity is determined as 0. b Severe case; its severity is determined as 15 (L1/2 = KL 1 + L2/3 = KLwith the frequency being higher in males (n = 198, 73.6 %) than in females (n = 272, 66.0 %; P = 0.036, χ 2 test; Table 1 ). The overall mean severity value of lumbar spondylosis was 7.2 ± 4.5; the mean value of 7.7 ± 4.4 in males was significantly higher than that of 6.8 ± 4.4 in females (P = 0.006, Mann-Whitney U test). In accordance with this new method of scoring the severity of lumbar spondylosis, if the severity value was 6 or greater, it meant the presence of at least one intervertebral section in which spondylotic change was definite (KL 2 or greater). Severity values between 2 and 5 indicated the absence of definitive lumbar spondylosis. The proportion of those with KL 2 or greater intervertebral sections was 4.2 % with the severity value of 2, 23.9 % with a value of 3, 56.3 % with a value of 4, and 38.5 % with a value of 5 ( Table 2 ). In the male population, there were no differences in the frequency of occupation, diabetes mellitus, those taking oral medications for osteoporosis, and vertebral fracture between LS− and LS+. On the other hand, all parameters were more frequent in LS+ than in LS− in female population ( Table 1) .
The mean values of BMI, OSI, Cre, and pentosidine were significantly higher in males than in females. In the LS− population, the mean BAP and NTX value in males were significantly higher than in females. In the male population, the mean age and pentosidine in LS+ was significantly higher than that of LS−. In females, the mean age, BMI, BAP, and NTX in LS+ were significantly higher than that in LS−; the opposite was found with respect to OSI (Table 3) .
Multiple regression models for elucidating the factors correlated with the radiographic severity of lumbar spondylosis
According to the stepwise logistic regression analysis, only the variables of age and sex were statistically significant in the overall population. Moreover, in the multiple linear regression model, age, sex, BMI, and serum pentosidine concentration were significantly correlated with the radiographic severity of lumbar spondylosis by the stepwise method. Hence, according to this stepwise method, both regression models showed that all other variables (occupation, history of diabetes mellitus or taking oral osteoporosis medicine, presence of VFx, OSI, and serum BAP and NTX concentration) were statistically insignificant. For example, according to the large beta coefficient (B = 0.009), an increase in serum pentosidine concentration of 100 pmol/mL is associated with a 0.9 increase in the radiographic severity of lumbar spondylosis (Table 4 ; Fig. 2 ). For this overall study population, the multiple linear regression analysis produced the following formula to estimate the radiographic severity value of lumbar spondylosis: [ or greater, the subject was defined as having lumbar spondylosis. The prevalence of radiographic lumbar spondylosis in males was significantly higher than that in females (P = 0.036) LS lumbar spondylosis, White white-collar occupation, Blue blue-collar occupation * The significant difference in the prevalence of each parameter between LS− and LS+ was set at P ≤ 0.01 
Discussion
In the current study, the relationships between serum bone metabolic markers and the radiographic severity of lumbar spondylosis in a general Japanese population were determined. The prevalence of lumbar spondylosis in the current population was similar to that of a previously reported large cohort study [7] . Additionally, the frequency of lumbar spondylosis was higher in men than in women. The present study also indicated that age, sex, BMI, and serum pentosidine concentration (i.e., the marker of bone fragility) were positively correlated with the radiographic severity of lumbar spondylosis. Based on the standardized β-coefficient, age was the strongest factor correlated with the radiographic severity of lumbar spondylosis. Occupation, history of diabetes mellitus or taking oral osteoporosis medicine, presence of vertebral fracture, osteo-sono assessment index of calcaneus, level of serum bone formation marker, and level of bone absorption marker (e.g., BAP and NTX concentrations) did not correlate with the radiographic severity of lumbar spondylosis in the regression model of this study.
The current study introduced a novel method of evaluating the radiographic severity of lumbar spondylosis by the summation of the KL grades in each intervertebral lesion. The logistic regression analysis showed that serum pentosidine concentration was statistically insignificant if the presence of radiographic lumbar spondylosis was defined as the dependent variable. On the other hand, using the linear regression analysis, the radiographic severity value of lumbar spondylosis was significantly correlated with serum pentosidine concentration. These conflicting results reflected the differences in the definition of lumbar spondylosis. The presence of lumbar spondylosis was determined by the presence of at least one KL 2 or more severe intervertebral sections in the lumbar spine. This "presence" of definitive lumbar spondylosis further consisted of various severities of lumbar spine degeneration. Herein, the "presence" of lumbar spondylosis included the severity of 7 (L1/2 = 0 + L2/3 = 2 + L3/4 = 1 + L4/5 = 1 + L5/S1 = 3) and 20 (all intervertebral discs = 4), for example, by using the novel method explained in the current study. However, these different severities of lumbar spondylosis are considered the same, i.e. "presence" of lumbar spondylosis. In our study, we could detect the significant correlation between lumbar spondylosis and serum pentosidine concentration in the population of those having more severe degenerated spondylosis (Fig. 2) . However, this new method was less effective in evaluating the presence and severity of lumbar spondylosis in the early stages of lumbar spondylosis (Table 2) . Previous studies have been limited to presenting only the relationship between serum bone metabolic markers and lumbar spondylosis [19, 20] . Another past study has suggested that serum BAP concentrations were lower in women with lumbar spondylosis than in those without lumbar spondylosis [19] . Therefore, data from the current study provide a conflicting interpretation compared to these previously reported results. However, the previous study's test population primarily consisted of obese women [19] . A more recent study has shown that obesity is associated with the reduction of serum bone formation markers such as osteocalcin [21] . Therefore, it is important to pay attention to the interpretation of serum bone formation markers especially in an obese population. In the current study, the mean age, serum BAP, and NTX concentration were significantly higher in females with lumbar spondylosis than in those without lumbar spondylosis. However, it is important to note that age was a confounding variable, with high values of BAP and NTX in participants with lumbar spondylosis, such that almost all women with lumbar spondylosis were menopausal and were more likely to have a high bone turnover [22] [23] [24] . However, when we conducted stepwise multiple linear regression analysis, Table 3 Comparison of demographic data, serum creatinine, and bone metabolic markers between male and female populations Statistical analysis is conducted by the Mann-Whitney U test Asterisks indicate a significant difference between males and females in the LS-and LS+ group; daggers indicate a significant difference in LS− and LS+ between the sexes. If at least one intervertebral section is determined as showing Kellgren-Lawrence grade 2 or greater, the subject is defined as having LS. In addition, we defined the LS severity value as the summation of the Kellgren-Lawrence grade in each intervertebral section of the lumbar spine (range 0-20)
LS lumbar spondylosis, OSI osteo-sono assessment index, Cre serum creatinine concentration (mg/dL), BAP serum bone alkaline phosphatase concentration (μg/mL), NTX serum N-telopeptide of type I collagen concentration (nMBCE/L)
The unit of serum pentosidine concentration is pmol/mL * P ≤ 0.05; ** P ≤ 0.01; † P ≤ 0.05; † † P ≤ 0. We define LS severity value as the summation of the Kellgren-Lawrence grade in each intervertebral section of the lumbar spine (range 0-20). Multiple regression analysis was performed with this radiographic severity value of lumbar spondylosis as the dependent variable. Age, sex (1: male; 2: female), BMI, the prevalence of occupation (blueor white-collar), diabetes mellitus, and those taking oral medicine for osteoporosis, vertebral fracture, OSI, and the value of serum samples (Cre, BAP, NTX, and pentosidine) are the independent variables. Significant independent variables were selected by the stepwise method.
The unit of serum pentosidine concentration is pmol/mL R 2 coefficient of determination (adjusted), B regression coefficients, β standardized regression coefficients, OSI osteo-sono assessment index, Cre serum creatinine concentration (mg/dL), BAP serum bone alkaline phosphatase concentration (μg/mL), NTX serum N-telopeptide of type I collagen concentration (nMBCE/L) showed that serum CTX-I concentration correlated with the radiographic severity of peripheral lumbar osteophytes using a categorical grade in postmenopausal women [20] . The role of serum bone formation and absorption markers in lumbarspine degeneration is still controversial and as a result, future work is required to determine the correlation between the pathological effect of bone formation and absorption in lumbar spondylosis. Pentosidine is one of the advanced glycation end-products (AGEs) that are produced by the Maillard reaction (a nonenzymatic reaction between sugars and proteins). Serum pentosidine concentrations are considered to increase with hyperglycemia [25] , renal disorder [26] , and the consumption of AGEs-rich food [27] , and these have the potential to induce oxidative stress and accelerate aging [28] . In the field of bone metabolism, pentosidine is associated with bone fragility, making abnormal collagen cross-links [11] . Current results allow us to speculate that more severe lumbar spondylosis associates with having an abnormal bone quality in lumbar spine. In addition, previous studies have shown that AGEs can cause chondrocytes to develop several catabolic factors such as MMPs and ILs [28] [29] [30] [31] [32] . Moreover, when AGEs accumulated in the cartilage it results in the loss of tissue elasticity. In the case of knee osteoarthritis, when performing skin biopsy, the cutaneous concentration of AGEs is found to be associated with the development of peripheral osteophytes [33] . Even the serum concentration of AGEs is consistently associated with the degenerative changes in the lumbar spine. Therefore, on the basis of these studies, it is likely that AGEs have the potential to develop lumbar spondylosis including cartilage degeneration and osteophyte formation.
It is important to consider the limitations in the current study. First, this study was a cross-sectional design as opposed to longitudinal. Second, the participants in this study were healthy and, therefore, the prevalence of diabetes mellitus was low (5.4 %) and the influence of AGEs may be underestimated because hyperglycemia is associated with the increase of serum pentosidine concentration [25] . Third, as described previously, the radiographic findings (e.g., disc space narrowing, osteophyte, and vertebral body sclerosis) were assessed comprehensively [16] , and therefore, we could not evaluate the state of ligament hypertrophy by using magnetic resonance imaging. Moreover, we could evaluate only sagittal lumbar radiographs. Further studies are needed to assess coronal images, including the whole spine. Lastly, we did not include measures of pain in the low back or leg that may be associated with lumbar spine stenosis. Therefore, the pain status associated with lumbar spine stenosis should be considered in future studies, as this has been shown to be correlated with hypertrophy of the supporting ligaments [6, 34] . Despite these limitations, this study is noteworthy as it suggests that adequate control of the metabolism of AGEs may inhibit the development of lumbar spondylosis. Additionally, serum pentosidine concentration may have the potential as a biomarker of lumbar spondylosis. However, future research is required to clarify the detailed mechanism of bone metabolism and lumbar spine degeneration.
In conclusion, the relationship between several serum bone metabolic markers and the radiographic findings (including disc space narrowing, osteophyte severity, and vertebral body sclerosis) were evaluated in a general Japanese population. Although a cross-sectional study, serum pentosidine concentration was positively correlated with the radiographic severity of lumbar spondylosis. However, serum bone alkaline phosphatase and NTX concentration were not correlated with lumbar spondylosis. Fig. 2 Scattergram of the relationship between radiographic severity of lumbar spondylosis and serum pentosidine concentration. Y-axis indicates the radiographic severity of lumbar spondylosis (the summation of the Kellgren-Lawrence grade in each section of intervertebral section: L1/2 to L5/S1; this value ranges from 0 to 20). X-axis indicates serum pentosidine concentration (pmol/mL). According to the large beta of multiple regression model in serum pentosidine concentration (B = 0.009), an increase of 100 pmol/mL is associated with that of 0.9 grade in the radiographic severity of lumbar spondylosis (Table 4) 
